The Genus Codium in New Zealand 
Part II: Ecology, Geographic Distribution* 

By Vivienne Bellow, Department of Botany, Victoria University College 
[Read before the Wellington Branch, August 28,1951; received by the Editor, August 28,1951 ] 

Summary 

An account is given of the knowledge to date of the ecology and geographic distribu¬ 
tion of New Zealand members of the genus Codium Stackh. Growth relations among 
a population of C. adhaerens var. convolutum were studied over a period of five 
months. After this time 62 per cent, of the original population remained. An average 
of three plants was removed each month by moderate wave action. A peak growth 
period occurred in spring. The importance of vegetative regeneration is emphasized. 

Algal and animal epiphytes which have been found on the different species are 
listed. The geographic distribution of Codium within New Zealand is correlated with 
h. B. Moore’s (1949) algal provinces. Beyond New Zealand, three species are 
widespread ( C . adhaerens , C. fragile , and C . dichotomum), and one restricted in range 
(C. cuneatum ). C. cranwelliae and C. gracile are endemic. 

During a study of the taxonomy of the New Zealand Codiums (Dellow, 1952), 
attention was focussed on the habitat conditions and geographic distribution of 
the species in question. Details of ecology have been noted where possible from 
personal observation, but most of the information has been assembled from the 
rather meagre locality and habitat records made by the various collectors on 
herbarium sheets. 

A. Ecology 

Of the species occurring in New Zealand, little is known about the growth 
relations of Codium dichotomum (Huds.) Gray, C. gracile (0. C. Schmidt) 
Dellow, and C. cuneatum Setch. and Gard. f. striatissimum Dellow, all of which 
have been collected only from among drifting weed. 

From the Poor Knights Islands, Cranwell and Moore (1938, p. 399) made the 
first ecological reference to Codium cranwelliae Setch., which, they said, forms 
“fat oval cushions attached by a narrow base ” in the shadow of ledges in the 
lower intertidal region. It has been found in the attached state by Y. W. 
Lindauer, R. Lloyd and N. J. Butler (herbarium records) growing on the floor 
of a cave at Tapeka Point, at the extreme north of Russell Peninsula (Bay of 
Islands). In November, 1950, a new locality record was made by L. P. Turnbull 
(herb, record) on the east coast of Great Barrier Island. A single plant was 
found growing exposed to surge at low water just south of Oruawharo Beach. 
(The record from Wainui Bay, Northland, is only from among drift.—Dellow, 
1952, p. 126.) 

Rather sporadic in appearance is the widely distributed Codium fragile 
(Suring.) Hariot, which grows between low water of neap and spring tide marks, 
both in pools and on exposed rock surfaces. It may be attached to hard rock 
or grow where it has been overlain by a considerable carpet of sand. This appears 
to be partly responsible for irregular branching in specimens collected from 


* This investigation was carried out during the tenure of a University of New Zealand 
Research Fund Fellowship at Auckland University College. 
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Wattle Bay (Manukau Harbour) and from drift in the Southern Fiords (Dellow, 
1952, text-fig. 13, p. 130). Although no accurate data are available from dredg¬ 
ings, it may be supposed that from the large size of some thalli collected in the 
drift, C. fragile grows quite deep in the sublittoral. Lund (1940, p. 21) reports 
C. fragile in Danish waters from a maximum depth of 11 metres. 

With regard to Codium adhaerens (Cabr.) Ag., the southern variety 
incrassatum Dellow has been found by J. H. Sorensen during November of 1947 
to be growing 44 under stones at low-water mark” (herb, record). This is the 
only reference to the habitat of var. incrassatum in any of the collections 
examined, but Oliver (1923, p. 523) notes that on the Otago Peninsula C. ad¬ 
haerens (presumably var. incrassatum ), together with red algae, branching 
polyzoa and sponges, is a prominent growth form beneath the fronds of Xipho- 
phora . A further record comes from Dr. M. Naylor (in a personal communica¬ 
tion), who reports it at St. Clair, Dunedin, on the outer strike face of reefs 
which are barely exposed at a low spring tide. Together with other green algae 
in this locality, Codium spp. appear to grow more profusely in the vicinity of 
a sewage outflow. 

More is known about var. convolutum Dellow, which inhabits the eastern 
coasts of both islands as far south as Banks Peninsula, and also parts of the 
west coast of the North Island. A denizen of the rocky shore just above low-water 
mark, it is a member of the balanoid and Corallina-Hormosira associations, 
within either of which it may be locally dominant. It was shown from a levelling 
survey at Narrow Neck (Dellow, 1950, p. 364, fig. 7) that the average vertical 
range of C. adhaerens lay between 1 5 and 3*2 feet above Auckland Harbour 
Board datum (= extraordinary low-water spring tide), i.e. between M.L.W.S. 
and ML.W.N The level has since been found to vary with the degree 
of wave action and of shading. The range varies according to the magnitude 
of tidal rise and fall. At Narrow Neck the upper limit of the Codium belt is 
relatively low, since the locality is a sheltered one. In general, var. convolutum 
shows a marked preference for shaded rock faces when it nears the upper margin 
of its vertical range, which usually lies somewhere in the lower balanoid zone. 
This fact has been noted previously by Oliver (1923, p 503), who remarks that 
Codium adhaerens, which is a shade-plant between tides, has a much more uniform 
distribution over rocks below low water mark. Striking proof of the importance 
of both shade and wave action in regulating the vertical boundaries of the belt 
has been observed on the southern faces of the rugged pinnacles which comprise 
the Needles Bocks, at the extreme north of Great Barrier Island, where there 
is a prominent dark-green band about a foot wide near high water mark. On all 
strongly illuminated faces at the same level in this locality it is entirely absent. 
On the same rocks the balanoid zone is elevated to at least 30 feet above high 
water mark. 

It was known last century that Codium adhaerens flourishes for a certain 
length of time and then dies away to reappear the following year. Cabrera noted 
these facts in a letter to C. A. Agardh, which is deposited with specimens of 
adhaerens in the Agardh herbarium at Lund, Sweden. In order to find out more 
accurately the average length of life and mortality rate in an actively growing 
population of var. convolutum, the present writer made a series of observations 
at intervals of from 1 to 2 months (determined by local tide and weather con¬ 
ditions) between May and October, 1950, on a rock face to the south of Clifton 
Beach (on the east coast of the north shore of Waitemata Harbour, Auckland). 
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The rock chosen for observation was an even surface of ParnelL Grit about 
1 5 square metres in area, tilted to seaward at an angle of 52 degrees. This 
particular face is dominated by a balanoid community, in which Elminius 
modestus Darwin forms an almost continuous groundwork, interrupted midway 
by a belt occupied in part by the polychaet worm Pomatoceros coeruleus 
Schmarda ( — Vermilia carimfera) and partly by plants of Codium adhaerens 
var. convolution. At the extreme right-hand side of the rock face there is a surge 
elevation of the Coralhna-Hormosira association, and here Codium plants com¬ 
pete for space mainly with Hormosira banksii Dec’ne (Plate 51, figs. 1-3, Plate 
52, figs. 1-2). 

Only the plants occurring m the horizontal band across the middle portion 
of this rock were considered Each plant was measured in centimetres across 
its longest and shortest diameter, as it was impossible to measure accurately the 
surface area of every individual in the limited time available during which 
the rock was uncovered at low water. 

Another difficulty in determining the numbers of separate plants arose 
through fusion of two or more to form a colony. Normally a mature plant begins 
to break up first in the centre The outer fragments later become separated and 
may be removed completely or, through regeneration, may grow together again 
to form a new colony (cf. Plates 51-52, plants 1A and 36). In some cases a plant 
shewed an increase in one diameter due to normal growth and a decrease in the 
other diameter, the latter resulting from a breaking off of a portion of the thallus, 
either through wave action or through cropping by gastropods (chiefly Lunella 
smaragda and Lepsiella scobma). The information obtained is summarized in 
the following table: 


Table I—Changes in numbeis of individuals in a population of 
Codium adhaerens vai. convolution during a peiiod of 5 months. 


Date 

Xunibei inci eased 

in aiea 

Xunibei decreased 

in aiea 

Number 

unchanged 

Total 

4 5 50 

— 

— 

— 

37 

1 6 50 

21 

11 

2 

34 

25 7 50 

8 

20 

3 

31 

17 0 50 

22 

4 

0 

26 

17 10 50 

17 

5 

1 

23 


Sixty-two per cent of the original population still remained after five months, 
and although new arrivals were not taken into account, it was obvious that 
very few were established in this area after the initial count was made in May, 
1950. At that time there were present a large number of small plants about 
1 month old, mostly smooth m outline and not more than 5 cm. in longest diameter. 
The 3 plants which were removed between May and June were all in this category. 
One may therefore assume that about April (ie. late autumn) there was an 
active period of sexual reproduction among the adjacent populations of C. ad¬ 
haerens (a regenerating plant can usually be distinguished from a plant arising 
from a zygote by its irregular surface outline) The total number of the original 
population under consideration showed a steady decrease from May to October; 
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on the average, 3 plants were completely removed each month. The figures 
in Table I indicate a sharp reversal of growth relations between the months 
of July and September. In July erosion of thalli was proceeding at a relatively 
rapid rate; 54 per cent, of the original 37 plants showed a decrease in surface 
pea. With the advent of early spring in September came a burst of fresh growth 
in 22 out of the remaining 26 thalli, representing an increase in size in 85 per 
cent, of the population. In 13 of the 22 plants the growth was secondary after 
a greater or lesser portion of the first-formed plants had worn away. A slacken¬ 
ing in growth was again apparent in October. 

The intense competition for space between Elmmms modestus and Godium 
adhaerens becomes evident after mature thalli of the latter have been partly 
or wholly eroded, when the sharply demarcated outline of their original shape 
is seen to be formed by a dense crowding of barnacles (Plate 52, fig. 3). In July, 
up to 40 young plants of Golpomenia sinuosa were counted among and just below 
the belt occupied chiefly by Godium. All these had disappeared by September. 
Towards the end of October, Laurencia thyrsifera suddenly increased in size and 
numbers, there being as many as 65 plants on the rock face. Those in the left- 
hand corner were entering into severe competition with the remaining Godium 
plants. 

Despite the short period during which the Godium population has been closely 
watched, the figures at least illustrate the extreme importance of vegetative 
regeneration in adhaerens. It would appear that the length of life of the average 
plant is conditioned primarily by the severity of the habitat conditions (chiefly 
the mechanical effects of wave action) in both early and later stages of growth. 
Increase in size of the thallus is often balanced by fragmentation of small por¬ 
tions, but no matter how great a percentage of a thallus is removed, if the 
remaining portion is not entirely senescent it may give rise to a plant of 
dimensions equal to or even greater than those of the original plant (cf. Plates 
51-52, plant no. 20). 


Epiphytes 

It has been argued that hairs are formed below utricle apices primarily as 
a protection against invasion by epiphytes. On the surface of all the New 
Zealand Codiums, however, there may be a dense covering of smaller plants 
or attached animal growths such as hydroids or bryozoans. Hairs and hair scars 
appear to be just as abundant on these Godium plants as on those free of invaders. 
The degree of epiphytism on a particular individual may prove to be correlated 
with habitat conditions rather than with morphology of the thallus; for example, 
a situation in relatively calm, shallow water or in tide pools is more likely to 
favour the establishment of epiphytes than one in which the mechanical force 
of continual wave action is tending to remove all tiny particles from the thallus 
suiface. A possible exception is provided by Codium adhaerens var. incrassatum, 
where the firm exterior may be less congenial as a bed for sporelings than the 
more laxly compacted, outer surfaces of the other species. 

Perhaps the most characteristic epiphyte on New Zealand species of Godium 
is Ceramiumapiculatum J. Ag., which grows chiefly on C. fragile and on the 
northern variety of adhaerens. North Island specimens of Ceramium apiculatum 
are mostly small (not more than 2 cm. long); but those from more southern 
latitudes grow considerably larger, e.g. a plant from Timaru measured up to 
7 cm. long. 1 
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The soft “megistophyse” apices of C. cranwelliae utricles provide a suitable 
attachment substrate for small algae such as Ulvella lens Crouan and species 
of Ectocarpus. The occurrence of Caulerpa hyimoides (R. Br.) C. Ag. together 
with Codium cranwelliae indicates that the latter may grow in a fairly deep¬ 
water community, since Caulerpa hypnoides is known to occur in the Hauraki 
Gulf at a depth of 24 metres. It is probably more correct to say that Codium 
cramvelliae is epiphytic on Caulerpa , as the rhizomes of the latter were found 
at the point of attachment of the Codium sphere on the under surface. 

No epiphytic species were found on any of the specimens of Codium di - 
chotomum or C. cuneatum that were examined These species, and also C. gracile, 
on which a crustaeeous Lithophyllum is the only recorded epiphyte to date, are 
probably denizens of deeper water. 

Epiphytes Found on New Zealand Codiaceae 


(a) On C. adhaerens var. convolution . 

Oscilhifona mgrovindis Thur. f* 

Cladophora cnnahs Harv. o 

Ectocarpus irnhcus Sonder o 

Hormosira banksii Dee’ne, f. gracilis Lindauer f 
Ceramium apiculatum J. Ag. a 

Laurencia thyrsifera J. Ag. 1 

(b) On C adhaerens var. incrassatum: 

Plocamium leptophyllum Kuetz. r 

(c) On C. cranwelliae : 

Ulvella lens Crouan. 1 

Caulerpa hypnoides (R. Br.) C Ag. 1 

Ectocarpus sp. o 

Haloptens hordacea (Harv ) Sauv. o 

Rhododiscus sp. (?) r 

Plocamium abnorme Harv. 1 

(d) On C. fragile : 

Ulva lactuca L o 

Haloptens hordacea (Harv.) Sauv. r 

Acrochaetium interposition (Heydr.) Hamel. r 

Gigartina cranwellae sp ined. 1 

Phodophyllis sp. . 1 

Cliampia novae zelandiae Hook. f. et Harv. o 

Laurencia gracilis Harv. o 

Mijriogramme denticulata Kylin. f 

Ceramium apiculatum J Ag. a 

Polysiphonia sp f 

Dipterosiphonia heteroclada (J. Ag ) Falk. o 

Orthophyris crenata (Hartlaub) (Hydroid) o 

Sertularella crassiuscula Bale (Hydroid) f 

(e) On C. gracile: 

Lithophyllum sp. r 


A remarkable instance of consortism is furnished by the small dark-green 
nudibranch Elysia maorm Powell (1937, PL 7, no. 5), which coils up in the 


*a = abundant, f = fiequent, o = occasional, 1 = local, r = rare. 
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cracks between lobes of the thallus of C. aclhaerens var. cowvolutum. It can 
scarcely be detected from the almost Identical shade of the adhaerens thallus, 
and is particularly abundant in the more sluggish, turbid reaches of the Auckland 
Harbour. 

B. Geographic Distribution 

It may be noted that in New Zealand waters there occurs at least one repre¬ 
sentative of each of the four major subdivisions of the genus (Dellow, 1952, 
p. 120). This fact indicates that wide geographical separation is not one of the 
evolutionary factors involved in the formation of the different groups, that is, 
providing the groups are “natural” categories. Records from many of the 
outlying islands are incomplete, and large stretches of coastline on the mainland 
remain unexplored in respect to their algal populations. Drift records are in¬ 
cluded in spite of their lesser value, because in many cases they provide the only 
indication of the presence of a species in a particular locality. This applies 
especially to records for C. dichotomum, C. gracile, and C cuneatum. 

Since Codium is a characteristic inhabitant of warmer seas, it is not surprising 
to find that in New Zealand the greatest number of species is recorded from the 
north in the Bay of Islands. All the species save one (C. dichotomum) are listed 
from this locality; 37 degrees S latitude appears to be the southern limit for 
C cranwelhae, while C. gracile drops out at 12 degrees. A third critical latitude 
is 44 degrees, south of which C. dichotomum has not been found, and also 
south of which C. adhaerens var. convolution is replaced by var. incrassatum. 
C fragile ranges throughout, and is evidently more widely tolerant of 
varying environmental conditions than the other species C. dichotomum pro¬ 
vides a somewhat discontinuous pattern of distribution, being recorded to date 
from the Kermadecs, Wellington, the Sounds-Nelson district, Lyttelton, and 
the Chatham Islands. In this case paucity of records may be due to a lack 
of sufficiently detailed exploration of other parts of the coast. 

Some discussion is necessary at this point concerning the proposed division 
of the New Zealand region into marine algal provinces (Moore, 1949, pp. 187-189) 
with particular reference to Codium . Those recognised are the Auckland, 
Intermediate, Central, Forsterian, Rossian, Chatham, and Kermadec Provinces. 
Miss Moore compares critical boundaries in a text figure with those defined by 
Cockayne (1928) for the land vegetation of New Zealand, and the faunal pro¬ 
vinces of Pov 7 ell (1937, p 10) for the New Zealand Mollusea. Here the chief 
differences lie in Powell’s recognition of an Aupourian Province comprising the 
North Auckland Peninsula, and in the lack of a faunal boundary near the centre 
of the North Island. 

The distribution of C, cranwelhae and C. cuneatum agrees quite well with Miss 
Moore’s Auckland Province, and the boundaries of both Auckland and Inter¬ 
mediate Provinces coincide reasonably with the known distribution of C. gracile . 
The correlation is again close for the southern C. adhaerens , which is confined 
to latitudes south of Timaru on the mainland, this marking the northern limit 
on the east coast of the Forsterian Province, recognised by both Powell and 
Moore (Ic ). The occurrence in the Chathams of C adhaerens var incrassatum, 
together with a form which has been doubtfully assigned to C. dichotomum , 
is an instance of the mixed component in this region, due to mingling of the 
cold waters from the Antarctic Drift with the 'warmer waters from the East 
Australian Current. Var. incrassatum is found within the limits of both the 
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Forsterian and Rossian Provinces, having been recorded from as far south as 
Campbell Island. 

The other New Zealand species of Codium are not confined to any one or two 
provinces, but have a wide range throughout all or most of the coastline. It is 
clear from the above that the evidence from the local distribution of Codium 
favours Moore’s algal provinces rather than those outlined by Powell for the 
Mollusca. 

Regarding the distribution of the species beyond New Zealand shores, C. ad - 
haerens, C dtchotomum and C fragile all have an extensive, almost cosmopolitan, 
range Schmidt (1923, p. 19) takes a line connecting Tierra del Fuego and 
the Chathams with Kerguelen as the southern boundary for the subsection 
Eu-adhaerentia. The boundary can now be extended to include Campbell Island 
(cf. Levring, 1945. p 8). The widespread occurrence of both C. adhaerens and 
C. fragile in New Zealand argues for their relatively long establishment in 
these waters. 

C cuneatum is recorded elsewhere from the Gulf of California, British India, 
the Island of Bali, Eastern Australia, and Lord Howe Island (Lucas, 1935, 
p. 205) C. cranwelhae and C grocile are both endemic The nearest relative 
of C cranwelhae appears to be C. bursa (L ) Ag, which has been doubtfully 
recorded from South Australia and Tasmania. 

Affinities may be traced between C gracile, C geppii Schmidt and C tenae 
Kuetz These latter are found in the Malay Archipelago, C tenae with a wider 
range embracing the Red Sea, Cape of Good Hope and Japan 

Exactly half the number of the New Zealand species occur also in Australian 
waters (C. adhaerens , C. fragile and C cuneatum). In marked contrast there 
is only one connecting link between the New Zealand species and those of western 
South America Setchell notes in discussing the affinities of the Codiums of the 
Juan Fernandez Islands that except for C. fragile they do not seem to have 
any close relationship with those from New Zealand and Australia. 
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